1. The extent to which phenolic derivatives of benzoic acid (seven); of phenylacetic acid (one); of 3-phenylpropionic acid (one) and of cinnamic acid (six) served as precursors of the urinary benzoic acid excreted by sheep was determined after administration as continuous drips via rumen or abomasal cannulas.
Ruminants may excrete large quantities of aromatic acids in their urine; outputs of 1475 mg benzoic acid equivalent (BAE)/kg body-~eight~''~ per 24 h have been reported. This output may be compared with urinary aromatic acid outputs of between 14 and 115 mg BAE/kg b o d y -~e i g h t~'~~ per 24 h by man, rats, rabbits or dogs (Martin, 1969) . Benzoic acid (BA) is the principal aromatic acid in ruminant urine and studies in this laboratory have suggested that dietary consitutents which yield 3-phenylpropionic acid (3-PPA) on rumen fermentation are important precursors (Martin, 1982) .
3-PPA is the major aromatic acid found in the rumen fluid of steers (Cmelik & Mathews, 1965) , of sheep (Scott et al. 1964; Martin, 1973 Martin, , 1982 and of cows (Patton & Kesler, 1967) ; only trace amounts of BA are found. Tyrosine is metabolized to a limited extent in the rumen to yield 3-PPA (Scott et al. 1964; Patton & Kesler, 1967) but both these studies showed that the amounts of 3-PPA that were found in rumen fluid were too great to be accounted for by rumen microbial metabolism of tyrosine.
As 3-PPA is not found in ruminant forages microbial metabolism of other components must occur. Phenolic cinnamic acid derivatives occur in combined form in all higher plants (Harborne & Simmonds, 1964) . Studies reported in this paper show thnt six of the naturally-occurring phenolic cinnamic acids are metabolized in the rumen to 3-PPA which yielded urinary increments in BA excretion equivalent to between 63 and 86% of the dose given. Administration of naturally occurring phenolic benzoic acids did not increase the normal urinary BA output of sheep.
The toluene extracts were washed three times with 0.5 vol. sodium bicarbonate (50 g/l), the bicarbonate phase acidified to pH 1 with hydrochloric acid and extracted three times with 1.0 vol. diethyl ether. Aromatic acids in the diethyl ether extract were determined using the method described for Expt I (Martin, 1982) .
R E S U L T S

The output of urinary acids in control periods
The results obtained in the control periods of the five experiments in which phenolic acids were infused (Expts 2-6 inclusive, Table 3 , Martin, 1982) and also in the control period of Expt 7 in which a sheep was subsequently fasted for 10 d have been reported; the calculation of the increments in urinary aromatic acid output in experimental periods was also described.
Infusion of phenolic benzoic or phenylacetic acids
No increments in urinary non-phenolic aromatic acids were found after rumen or abomasal infusion of the following phenolic acids: 20H-BA; 30H-BA; 40H-BA; 3,40H-BA; 2,50H-BA; 3Me0,40H-BA; 3,4,50H-BA or 40H-PA.
Infusion of phenolic 3-phenylpropionic and cinnamic acids
Four monohydroxyphenolic acids were infused ruminally (eleven determinations) or abomasally (five determinations) (see table 1, Martin, 1982) and the resulting increments in urinary aromatic acid output are summarized in Table I . Phenolic acid assays made in Expt 4 showed urinary excretion of free 40H-BA only after abomasal infusion of either 40H-3PPA (9% of the dose) or 40H-CA (IS% of the dose); no free 40H-BA was excreted after rumen infusion of these acids.
Three disubstituted phenolic cinnamic acids were infused ruminally (eleven determinations) or abomasally (four determinations) and the resulting increments in urinary aromatic acids are summarized in Table 2 .
Sheep no. 6 (Expt 5) excreted 7.2"/, of ruminally infused cinnamic or phenolic cinnamic acids ( n 6 ) in its urine as 3-PPA plus CA. This was a significantly (P < 0.01) greater increment than that found when sheep no. 5 (2.5%) or no. 6 (2.7%) received rumen infusions of the same acids: the standard error of the mean percentage of infused acids excreted as 3-PPA plus CA by sheep nos. 5, 6 and 7 was 0.78. No similar between sheep differences were found in urinary benzoic acid output after infusion of phenolic cinnamic acids. amounts are minimal estimates; recovery of phenylacetic acid added to rumen fluid and freeze-dried was only 20%.
D I S C U S S I O N
These experiments have shown rumen microbial metabolism to be responsible for the metabolism of dietary phenolic cinnamic acids to urinary BA (63-106% of acids infused) and 3-PPA plus CA ( 6 2 0 % of acids infused). Scheline (1978) has summarized recent studies of the metabolism of phenolic acids by man and laboratory animals. The principal reactions of phenolic cinnamic acids mediated by the intestinal microflora are : reduction of the unsaturated aliphatic side-chain ; demethylation of methoxy-subsituted phenolic acids; dehydroxylation and decarboxylation. Microbial biohydrogenation of unsaturated fatty acids is well known (e.g. Wilde & Dawson, 1966) and Scheline (1968) has found phenolic cinnamic acids to be reduced to the corresponding phenolic 3-phenylpropionic acid by the microflora of the rat caecum. Demethylation of phenolic methoxy groups is a reaction largely confined to the microflora of the intestine (Meyer & Scheline, 1972) . Both dehydroxylation and decarboxylation depend on the nature of the parent aromatic acid and on the position of hydroxylation in the aromatic ring. Phenolic benzoic acids were not subject to microbial dehydroxylation in the present experiments; Dacre & Williams (1968) have made similar observations on phenolic benzoic acid metabolism in the rat intestine. In contrast 3,40H-PA and 3,40H-CA are extensively dehydroxylated in the 4-position by the rat caecal microflora (Scheline, 1968) ; the metabolism of the resulting 3-hydroxy phenolic acids was not studied. The intestinal microflora of sheep (Scott et Scheline, 1968) .
The nature of the parent aromatic acid as it affects microbial decarboxylation of phenolic acids determines the large urinary output of benzoic acid characteristic of ruminants. Neither the intestinal microflora of man (Curtius et af. 1976) nor that of the rat (Scheline, 1968) can decarboxylate 40H-3PPA; Finkle et af. (1962) have found that the decarboxylases of Aerobacter species to be active with 40H-CA but inactive with 40H-3PPA. By contrast 40H-BA and 40H-PA (Scheline, 1978) and 40H-CA (Peppercorn & Goldman, 1971) are extensively decarboxylated by rumen micro-organisms. All phenolic acids subject to microbial decarboxylation possess a 4-hydroxy substituent. Significant amounts of decarboxylation products were not found after rumen infusion of phenolic cinnamic acids in the present experiments (Martin, unpublished results) . This suggests that the rate of side-chain biohydrogenation exceeds that of decarboxylation leading to phenolic 3-phenylpropionic acid products which cannot be decarboxylated.
Intestinal micro-organisms readily hydrolyse chlorogenic acid to 3,40H-CA and quinic acid (Scheline, 1973) . The small combined BA and 3-PPA plus CA increment following rumen infusion of CHL (48%, Table 2) was probably due to a low yield of BA from the quinic acid moiety (Martin, 1982) .
The extent of phenolic substitution in the aromatic ring determined the nature of the urinary metabolites excreted after abomasal infusion of phenolic cinnamic acids. Monophenolic acids did not yield urinary increments of non-phenolic aromatic acids (Table 1) whereas diphenolic acids did yield small increments (1 1-34%, Table 2 ). Within the body tissues the principal reactions of phenolic cinnamic acids are methylation of phenolic hydroxyl groups (Scheline, 1978) and P-oxidation (Ranganathan & Ramasarma, 1974) . Hydration of the side-chain during P-oxidation is thought to yield phenylhydracrylic and phenyllactic acids, the latter on oxidation yielding a phenolic phenylacetic acid (Scheline, 1978) . On abomasal infusion of phenolic cinnamic acids a variety of phenolic BA, PA, 3-PPA and CA metabolites may be expected either free or as conjugates of amino acids, sulphate or glucuronic acid. In the present experiments 40H-BA as a P-oxidation product equivalent to up to 18% (Expt 4) of abomasally-infused phenolic cinnamic acids was observed; failure to detect phenolic benzoic acids following rumen infusion confirms that rumen dehydroxylation was extensive.
Disubstituted phenolic acids are able to form glucuronides in body tissues; biliary excretion of these compounds followed by microbial hydrolysis of the conjugate and metabolism of the aglycone to 3-PPA in the caecum is the most likely cause of the increments in urinary BA found on abomasal infusion of these acids in the present experiments (Scheline, 1978) . Millburn (1 970) has reviewed factors influencing biliary excretion of organic anions: those with a molecular weight in excess of 500 were readily excreted in the bile of all species; those with a molecular weight of between 300 and 500 were excreted to a lesser extent, the sheep being classified as an intermediate biliary excreter with 5-15% of a dose of such compounds being excreted by this route. The molecular weights of 3,40H-CA; 3Me0,40H-CA and of CHL are 356, 370 and 530 respectively; the percentages of these acids excreted in the urine as BA, 3-PPA and CA after abomasal infusion were 23, 11 and 34% respectively (see Table 2 ). The presence of 3-PPA in the caeca of goats provides further evidence for the entero-hepatic circulation of phenolic cinnamic acids.
Do ruminant foods contain sufficient quantities of phenolic cinnamic acids to enable Hartley & Jones (1977) and Solomonsson et al.
( 1 978 , 1961) and the more common 3,40H-CA conjugates, the principal one being CHL (Harborne, 1964) . Insoluble conjugates of 40H-CA and 3Me0,40H-CA occur in most ruminant foods. Values for these phenolic acids in some foods are summarized in Table 3 . Difficulties of quantitative isolation and the possible interaction of phenolic compounds with other plant constituents (Davies et al. 1978) mean that the quantities listed in Table 3 must be minimal estimates. The smallest quantities of phenolic acids required in the foods used in the present experiments to account for all of the observed urinary BA, 3-PPA and CA outputs during control periods can be calculated from Tables 1 and 2 of the previous paper (Martin, 1982) . Between 3.2 g (sheep no. 5 , Expt 6 ; hay-sugar beet pulp ration) and 10.6 g (sheep no. 2, Expt 2 ; dried grass ration) of BAE/kg food dry matter would have been required. Had forages whose 20H-CA concentration (see Table 3 ) was at the upper end of the reported range been offered in the present experiments control urinary aromatic acid outputs could have been much greater than those observed. The reported concentrations of the other phenolic cinnamic acids in Table 3 suggest that their rumen fermentation can account for a substantial proportion of the relatively large urinary BA and CA outpuis of ruminants. The BA conjugates (Patton, 1953; Brewington ef al. 1974 ) and CA (Parks & Allen, 1961) found in cow's milk must have a similar origin.
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